Public engagement in science and technology has grown in importance as developments in science and technology make increasingly significant impacts on people's lives. Now, efforts to engage publics in social decision-making or consensusbuilding regarding science and technology involve participation, learning or deliberation opportunities, as well as interactive or coproductive efforts among various sectors in society based on the recognition of scientific activities as a part of social operations -even those performed by scientific communities. We have conducted a community engagement program in the HapMap project, the international human genome program, in Japan since 2002. Consequent upon our various approaches to engage Japanese publics, a range of observations were made, such as that: public engagement is not yet recognized or institutionalized in Japan; there is a wide gap between science and society; and the implications of public engagement in a Japanese context have not been examined enthusiastically, especially from the perspectives of political decision making, social consensus-building or selfdetermination. In this paper, we provide an overview of public engagement in Japan, and discuss issues and challenges raised by the HapMap community engagement project. We also discuss the implications of public engagement for social decisionmaking and self-determination, and explore the prospects for public engagement in science and technology in Japan.
Introduction

Background: public engagement in Japan
There have been attempts to engage the public regarding particular applications of science and technology in Japan since the early efforts to gain acceptance of nuclear energy production. What could be called public engagement (PE) has been attempted in various spheres, including the development of technology assessment (TA), progress in regulatory sciences, risk communication, advancement of ethical, legal and social implications (ELSI) studies, since the 1970s. However, PE approaches have remained limited in scope and consequently they have still not taken permanent root in science and technology fields in Japan. 2 In contrast to many advanced countries where TA is operated continuously under established frameworks with Currently in Japan the public at large, including sectors such as government and industry, and scientific communities as well as lay people, understand PE as a strategy for the development of public acceptance of science and technology. This is close to a deficit model concept of public understanding of science (PUS) rather than positive PE as seen in recent modern movements. Simply, it may be viewed as an extension of public relations, rather in the way that the concept of ELSI is often recognized only in the context of obtaining informed consent.
The project set out to identify human haplotypes, the patterns of common variation in DNA sequences across the world human population, and to develop a haplotype map, by genotyping four populations (see above). Even though the project based the HapMap on human beings in general rather than particular groups, 11 much genetic information regarding the populations under study might become apparent through the process of developing the map and its utilization, since the map is freely accessible to anyone in the world. Also, the samples collected for the project are stored in the central cell bank permanently and have already been made available for researchers. Therefore, the impact on those participating -both as individuals and as communities -needed to be considered, not only before but also after the project. A community engagement and sample-collection group was organized in every participating community to work out the best process to respect each community's social, cultural or historical background. 12 The mission of the group work was to provide information about the HapMap Project, including scientific background, ELSI issues regarding such research, risks and benefits of participating in the project, both for individuals and the community, and to collect the responses, questions, concerns or opinions from the community. Also, based on the knowledge from the community engagement process, the groups developed culturally appropriate protocol modifications for sample collection, including the informed consent process, sample management, and privacy protection in each community. 13 The research described below was conducted as part of the Japanese community engagement/public consultation work of the sample-collection group of which the authors were members.
Community engagement in the HapMap project
Location
When we refer to race or ethnic group, various factors including historical, geographical, linguistic and cultural background should be considered, rather than only biological or genetic ones. Japanese residents comprise a mixture of populations with various geographical backgrounds and ancestries including indigenous people and persons of other Asian ancestries. Therefore it was not easy to define the criteria for "Japanese" even for scientific purposes. This is one of the critical topics that should be considered carefully in any country, even in one often perceived to be more homogenous than countries with greater ethnic diversity.
In Japan there are about 128 million residents (127,694,000, Oct. 1, 2003) , and almost one tenth, more than 12 million, live in the Metropolis of Tokyo. 14 Considering that the Metropolis of Tokyo developed as "Edo" town in 1603, that it is relatively new historically, and that major population growth has occurred in the past 150 years since the Meiji era, the current residents could be viewed as reflecting the mixed population of Japan more than anywhere else in the country. Also, since it is a big city, the population of Tokyo might be expected to include persons of various different social backgrounds and to reflect the attitudes of many social groups existing in Japan. Based on such considerations, the area around the Metropolis of Tokyo was thought to be an appropriate project site for the HapMap project.
Target groups
The HapMap project used the term "community engagement", as has been popularly used in the USA over the past decade. The HapMap community engagement project for Japan was conducted from early 2003 to the middle of 2004. A variety of communities were targeted both inside and outside of Japan. A variety of methods were used, including opinion surveys on selected communities, information lectures and academic conference meetings in different locations, including outside of Japan, to gather input from Japanese living abroad, and meetings held in Japan. The International HapMap project demanded community engagement efforts at participating project sites, 15 with significant influence from North American concepts that it was required to consult the communities being approached, at least, if not the public in general.
The recruitment of public participants to the HapMap project meetings was announced in a number of ways, for example via the Internet on the Japanese project's Eubios Ethics Institute website, 16 through mailing lists, newspaper flyers, posters, and leaflets dropped into mailboxes.
Community engagement team and meetings
The community engagement team included the authors, who have backgrounds in medical genetics and bioethics. We held 12 events, comprising two public forums and 10 exploratory meetings, which involved around 200 participants altogether from a broad range of social sectors including lay people and people from related sectors or from citizens' groups interested in the topics, as well as experts from various fields (eg, genetics, law, sociology, politics, ELSI. The team assessed the meetings afterwards and examined any conflicts of interests, potential harms to the donors, and other ethical issues raised.
Also, we approached other communities with certain related backgrounds, including high scientific knowledge, experience in hospitals, biotechnology related industries or companies, and so on. This yielded a further 320 participants through nine exploratory meetings.
In the meetings, participants were provided with information about the project, including scientific background to the HapMap project, ELSI issues concerning individuals and communities, as well as about the informed consent process. This was followed by questions, answers and discussions.
Following meetings for community engagement among potential donors, participants were asked to contact the organizers if they decided to donate a blood sample for the Project. Donations were only accepted from those who had attended the meetings.
A permanent community engagement board was established after the samples were collected for the function of post-use review of the applications to use the samples. If any application was judged by the administrators of the samples to be potentially controversial, the board was available to review the application. The board members included medical and non-medical scientists, bioethics experts, media and consumer group representatives. 17 A newsletter was published to make the information public.
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Interviews
To understand the Japanese situation regarding genetic research from a multidisciplinary perspective as part of PE, we conducted personal interviews with around 20 experts including scholars in genetics, law, politics and ELSI, as well as individuals from citizens' groups interested in related fields.
Results, analysis and discussion
Public engagement to empower ordinary people 
E: If the result will be utilized for myself, I will donate my blood … [but] I'm not sure whether I can accept or not the use of samples and data if they are kept by researchers for other purposes.
Diversification of opinions was also identified through focus group meetings on the subject of life and biotechnology held in 1999-2000 in Japan. 22 A similar diversification was shown in the responses to the questionnaire survey, which asked for responders' consideration rather than responses to simple multiple-choice questions. 23 Lay people's attitudes in particular tended to change depending on when,
how or in what kind of context the information was provided. While Japanese people are very familiar with biotechnology and genetics and have been exposed daily to information regarding these topics since the 1990s, 24 they are obtaining most information passively or in a uni-directional manner from television programs, newspapers, or the Internet, rather than in an interactive or educational context. Their opinions need to be cultivated and consolidated through interactive, learning or deliberative opportunities, for example, in order for them to be able to express their reasoning and ideas.
It was not easy for lay Japanese people to understand specifically the highly public nature of the HapMap project, which produces a fundamental research platform and resource to contribute to a wide spectrum of future genetic research in the world. Even with a basic comprehension of its purpose or significance, as well as its associated risks, they were not empowered to compile and express their opinions. Especially among lay people without a scientific background, some showed the transition from initial positive feelings and high expectations towards more confused or reluctant attitudes through PE:
F: I can't understand such a technical matter.
G: I'm an amateur so I'm not confident to raise proper opinions. H: It might be easier for me to just donate my sample without participating in such activities [PE].
Such potential embarrassment was one of the main obstacles to lay persons' active involvement in the dialogue of the engagement meetings. Although they don't need to have the same level or quality of knowledge as experts in order to offer their opinions as informed citizens in the engagement process, it is necessary for lay people to be empowered if they are to do so.
Attitudes of participants with scientific backgrounds
On the other hand, even in the communities of people that had a reasonably high level of scientific literacy (still considered lay people since they did not belong to expert communities or were not scientific researchers, though some may be working in biotechnology-related sectors such as industry or hospitals), difficulties were observed in the engagement process. There was evidence that, when discussions included people who were relatively familiar with genome research topics as a result of their job, for instance, and who could understand the scientific background of the HapMap project and who expressed a strong willingness to contribute to it without significant fears, the nature of discussions in general public meetings became skewed towards scientific matters rather than focusing on social or ethical aspects. 
Elements of literacy for PE
The diversification in the HapMap project community engagement dialogue did not necessarily depend on the level of mere science literacy. It is necessary to examine the elements of literacy, other than the scientific, that are needed for the consideration of issues regarding science and technology, as well as the methodologies and environment through which such literacy can be developed. Education in general science and bioethics is a basic premise, and based on that, specific elements of literacy in individual science and technology topics are also significant in the actual PE process.
Also every member from a variety of social sectors should be helped to understand the bounds of scientific knowledge as well as the uncertainty of scientific facts, when they participate in the PE dialogue.
Excessive, simplistic and groundless expectations, as well as concerns about science and technology, might be moderated by the recognition that scientific knowledge is only guaranteed at that point under particular/laboratory conditions and may not be ensured in future or in practical social circumstances. Many social issues regarding science and technology include the region that Weinberg called "trans science" 25 matters that are necessary to develop social consensus at this moment, despite the fact that even natural or social scientists cannot answer some of the above-mentioned questions.
6. Developing opportunities for interactive discussion and sharing views
Interactive communication in which opinions and views were shared among participants or people in different sectors was observed to contribute to an increase in people's confidence about their understandings/opinions of the HapMap process. Qualitative types of literacy might be more important to the PE process than quantitative types. Learning and sharing views through interactive dialogue between individuals and across different social sectors might enhance that qualitative phase. By including participants from a wide range of social sectors including citizens' groups, experts' communities, etc., a public engagement process might construct opportunities to exchange diverse information and knowledge within society. In this context it should be recognized that participants in the PE process will have varying degrees of literacy, and that each stakeholder will come to the discussion from a different background. Furthermore, a variety of comprehensive and pluralistic methodologies for engaging the public in the dialogue or assessment process regarding science and technology need to be prepared. 26 Currently, few such approaches are practised in Japan.
Public engagement to develop communication and cooperation based on trust
Trust issues among social sectors
Some strong scepticism was expressed toward the public engagement process or the HapMap project from some social sectors. It seems that the difficulties in understanding the Project caused and increased such scepticism, especially among those with backgrounds of distance or distrustfulness toward science and technology, which has been observed among social sectors including experts' communities in social science, citizens' groups and lay people towards biological science. Furthermore, the delicate nature of the HapMap project, in that it deals with genome diversity between human races, might have made the situation more complicated.
Genomics Such a sense of distrust might be based on stereotypes, which have often developed as a result of a few direct or even indirect bad experiences rather than through any continual and interactive communication efforts. Even if we provided complicated information about both benefits and risks to meeting participants, they were able to understand at least some of the Project, and sometimes used that information to develop their opinions or decisions. While some people changed their positive attitudes, expressing serious fears, others became more supportive of the HapMap Project.
Wynne has used the term "institutional neuroticism" to describe diffuse anxieties and the lack of trust within scientific communities towards the public, 27 Some scientists say that lay people or society don't trust scientists or science and technology, despite their not understanding technical matters; but scientists don't trust lay people, either. The distrust towards science and technology that exists within society might be caused primarily by the scientific communities themselves. The efforts to promote their scientific pursuits from social or public perspectives, not just their scientific ones, and to develop communication with the public regarding their activities have long been inadequate among the scientific communities in Japan. Without such efforts by scientific communities, they cannot expect a relationship of mutual trust to develop, but such a relationship could be established through practical endeavours to understand each other through interactive and sharing opportunities.
Opportunities for Scientific Researchers to engage with Citizens
As can be seen in the denial of deficit theory by reports such as Bucchi and Neresini's, which showed that the more people knew, the more they expressed concerns 28 , there is a wide gap between what experts or policy-makers consider they know and the real situation. To really grasp these gaps in understanding, it is important for people to experience the dialogues for themselves. PE processes can provide that experience for people involved in the research program or scientific communities. Issues that scientific communities should or would like to know about include: the background to public attitudes; the context in which people recognize or understand topics or issues; what they expect from science; and what concerns them about it. In the efforts that scientific researchers make to understand citizens through opportunities such as PE, it is important to involve and cooperate with expert actors who can work as a bridge between science and society.
Scientific decisions by experts should not necessarily always be respected over opinions expressed by citizens on the basis of their discrete or specific experiences. Also, a scientifically reasonable decision is not necessarily always coincident with the outcome of proper social political decision-making. The understanding of such realities of the situation of science and technology related to social decision-making by every social sector can become the foundation of co-operation regarding science by all of society through opportunities such as PE. In Japan social science research, including public engagement studies, does not need to be approved by Institutional Review Boards (IRBs) 29 , in contrast to the situation in many other countries in which all types of research with human subjects have to be examined and approved by independent organizations before they are carried out. So, although the process did obtain the approval of the IRBs as part of the donation process, the community engagement related to the HapMap project was not examined or authorized by anyone independently. Based on our anecdotal evidence, it would seem that most IRBs in Japan consider themselves overworked with applications for projects involving biological samples and thus cannot afford to deal with applications from general social science studies, unless some risk of psychological harm to participants is foreseen.
Challenges for Public Engagement in Japan
2. Acknowledge position of public engagement in scientific research project structure
For those who were in charge of the HapMap project, including researchers and funding agency officers, the pressures arising from the Project's tight schedule and the Japanese one-fiscal-year budget system imposed practical limits on the time available for community engagement. Also, as described above, due to the history of the Japanese biomedical science research environment they had had little experience of including ELSI aspects and public engagement as a routine part of scientific research programs. For example:
The quotes above might arise out of some controversial program designs of the HapMap community engagement, which was conducted in parallel with sample donor recruitment. Also, Japan's one-year research budget systems could be an obstacle to the allocation of resources to multi-year public engagement activities and research. But the project protocol design for sample donor recruitment, which was conducted subsequent to the earlier community engagement meetings in order to finish sample collections in the limited period that the Project strictly required, raised issues among the authors of this paper, 30 as well as other experts. These issues are not particular to this study, or even to Japan, but to the whole question of balancing the limited funds available for public engagement and the need to progress the development of science and technology. Some expert comments included:
Expert T (medical science):
The relationship between community engagement through meetings and sample collecting is unclear.
Expert U (co-medical):
The sample collection and community engagement should be conducted clearly independently to avoid being criticized (by people who assume that public is engaged merely in order to collect samples).
Expert P (law): The community engagement process is too investigative to conduct simultaneously with sample donor recruitment [sample collection], which must be done following strict guidelines.
Given the background of ELSI and PE with regard to science and technology in Japan described above, the function of the group in charge of the HapMap community engagement was not necessarily clearly identified even among actors/sectors involved in the Project. The community engagement was considered as a part of the informed consent process, rather than having an intrinsic mission of developing mutual communication with the public. The mission of the community engagement group became to cover the broad spectrum from sample collection to engaging the public.
However, if the entire process from sample donor recruitment to the obtaining of informed consent is conducted by the same group members that conducted the community engagement, as it was in the HapMap process in Japan, some outside the process may not trust the validity of the sample collecting processes. Even if the community engagement team were separate from the scientific team, some critics could always say that the community engagement group was merely conducting project promotion or risk management for the Project. As a consequence, distrust and criticism might be provoked, especially from expert communities in the humanities or social sciences. Similar dilemmas and dissensions were caused even within the Project.
It is not viable to conduct PE without understanding and cooperation between every sector involved in the research project, including scientists and funding agency officers. When opposition to such efforts is common, therefore, a significant challenge is how to create within the research organization a recognition of the importance and necessity of PE or ELSI without raising suspicions of direct project promotion,.
3. Institutionalization of PE in science and technology PE and ELSI research activities need to be institutionalized in scientific research or technology development programs. It is important to design the research project organization so as to delineate the primary functions of the PE group. Also, some mechanism to secure objectivity and transparency is required. In almost all examples of PE internationally, the PE elements are paid for by the scientific project, so all are open to the criticisms described above. Moreover, social dialogue should be maintained continually in the case of research such as the HapMap project, which creates products and collects materials that will be used in a variety of future research. However, under current Japanese one-fiscal-year budget systems, it is difficult to ensure the budget for multiple years of PE activities. A more flexible system, which would ensure the research budget to maintain public engagement even after completion of actual sample collecting, DNA sequencing, analysis, etc., needs to be considered. That would also allow longer periods of community engagement prior to starting the collection of samples.
Also, the ways in which the outputs from PE can be addressed and exploited for scientific research or decision-making processes need to be examined. In the HapMap project, the engagement process was designed to generate public input to the Project, and did not aim directly to affect the research design or protocols. Even though a certain degree of support for the exercise was evident, it was very difficult to rouse ordinary people's interest to be involved in the HapMap community engagement without presenting a concrete aim of the process as output rather than contributing to decision-making, for instance. While it is not necessarily always reasonable or desirable to reflect public opinions directly in scientific research or policy settings, nonetheless we should carefully consider how to motivate the public to be involved in the PE process in scientific research programs.
Necessity of comprehensive and basic studies of ELSI and PE
The idea that a certain amount of the budget and efforts of scientific research programs should be allocated for ELSI activities was propounded by the Human Genome Project. The ELSI concept included a wide range of elements such as considering the social implications of the genome research, studying ethical, legal and social issues, encouraging public debate, and examining the methodologies for societal outreach.
The ELSI concept was then adopted worldwide and applied to scientific research in general rather than only genetic research. The EU and Canada extended the amount of and enthusiasm towards PE activities. A broad range of interdisciplinary research, which involves the public was suggested and supported in this research field, therefore various research programs were conducted among the society. In this process human resources with capabilities of PE were fostered. This process was also significant in enhancing the recognition of ELSI as well as PE both in society and among scientists.
In Japan, while the regulatory framework to conduct genome research ethically has been developed in line with international standards since the beginning of the 2000s, 31 even basic research into ethical and social aspects, which should ground the decision-making, has not been adopted enthusiastically by genome research pr Similarly, while PE is encouraged in specific fields like certain scientific communication in recent government initiatives ograms. 32 , comprehensive approaches have 130 not been adopted so far. Therefore, few researchers in Japan have examined the possibilities for the institutionalization of PE or ELSI studies into scientific research programs. The issues regarding PE or ELSI in scientific research or technology development are not often discussed in society, even in newspapers or TV programs. Under the current situation, neither the social recognition of PE and ELSI, nor the necessary human resources, can be developed. It might be difficult to deal with emerging ELSI issues associated with recent progress in the life sciences or transitions in social context 33 without the accumulation of sufficient knowledge from basic and comprehensive ELSI studies.
Conclusions
Recently in Europe and the United States there has been a migration toward "public understanding of research" or "public engagement in science and technology" based on closer relationships between experts and the general public. Yet, while involving more sectors of the public in science and technology is indeed significant, there are only a few countries, such as New Zealand, 34 which have undertaken consultations on science and technology involving more than a few lay persons.
As in many other countries, social, ethical or regulatory issues regarding areas of science and technology such as nuclear energy plants, genetically modified organisms (GMOs), tissue transplantation, infertility treatment and genetic testing, have created public arguments in Japan. Negative attitudes among the public have sometimes been seen as a serious barrier to the application of such technologies, therefore the necessity to promote social acceptance has been claimed for a long time in Japan. Nevertheless, engaging the public in the process of social decision-making has been paid scant attention by actors in scientific research programs, or by funding agencies and policy-makers.
One Japanese scholar in STS has pointed out that the participation of, and the sharing of ideas with, the public is essential for the development of appropriate riskgovernance based on the propriety of not only the political process but also issues of analytical adequacy, including in part the scientific component. 35 Ordinary people can have broader perspectives on some issues than members of expert communities, and each participant expresses their attitudes based on their own frame or knowledge. To include their sense of value a broader range of issue framing and local knowledge from lay people is very important to complement the decision-making process by experts and policy-makers and to ensure the social propriety of decisions.
One of the immediate issues is to promote the view that coproduction with public knowledge is essential to deal with "questions which can be asked of science and yet which cannot be answered by science". 36 The recognition that direct dialogue with the public over science-based policy making should no longer be an "optional add-on" but instead a "normal and integral part of the process" 37 needs to be shared by all social sectors including scientific communities, policy-makers, funding agencies and ordinary people themselves.
A significant matter is how to foster "scientific citizenry" in society, whereby persons with awareness of their own rights, duties and responsibilities consider and contribute to the decision-making process through the process of social dialogue or deliberation. Also citizens might need to be more confident about their own self-determination regarding science and technology, which should be made by individuals with responsibilities as constituent members of society. This might be one of the prospective functions of PE: to empower ordinary people to develop their selfdetermination based on civil public participation. Other aspects to be fostered through the PE process include: dialogue based on mutual trust between science and society; respect toward science as culture in society; social recognition of science as being important to citizens themselves, as well as to the next generation.
The HapMap community engagement was the first use of the word "engagement" in a Japanese genome research program. However, it did not emerge spontaneously or autonomously as the result of the situation in Japan, but was conducted in response to the requirements of the international project. A variety of challenges to PE becoming well understood/recognized and taking root in Japanese society could be identified in the HapMap community engagement process. Establishing PE as a usual part of research and incorporating a range of approaches is a future challenge for Japan. This effort will ensure that science and technology have greater civil participation and societal ownership, and also empower citizens to develop their self-determination.
